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Abstract 

Aims: Two main different prosthesis designs are frequently used in revision surgery: the Constrained condylar knee (CCK) prosthesis and the Rotating hinge 
knee prostheses (RHK). The aim of this study is to present the successful results of the CCK prosthesis to the literature and compare these results with the 
RHK design. 

Material and Methods: One hundred and ninety patients who underwent total knee revision surgery between February 2014 and October 2018 were 
retrospectively evaluated. They were classified in terms of age, gender and etiology, and bone defects were evaluated according to the AOIR classification. 
A total of 148 patients, 129 with CCK and 19 with RHK, were included. Functional results were evaluated with the WOMAC Osteoarthritis Index, and a Likert 
analysis was applied to measure patient satisfaction. 

Results: According to the AORI classification, 34.5% of the patients were type |, 45% were type II, and 20.5% were type Ill. The mean preoperative WOMAC 
was 74 + 9.6 in the CCK group, and 73.6 + 10.6 in the RHK group postoperatively. In assessing patient satisfaction, t 5-Likert score was 4.2+0.6 in the CCK 
group, and 4.27+0.4 in the RHK group. There were no statistical differences in WOMAC and Likert analysis between CCK and RHK groups (respectively: p=0.876, 
p=0.962). 

Discussion: CCK design implants provide sufficient successful functional outcomes in all types of bone defects in knee revision surgery. RHK-type prostheses 
are rarely required and more preferable for AORI type III bone loss. 
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Introduction 

The number of patients who underwent total knee arthroplasty 
is increasing worldwide and the need for revision also increases 
at the same rate. Recent projections expect the number of 
knee replacements performed in the United States to grow 
by about 673% in 2005 to 2030 [1]. The increase in primary 
and revision surgeries not only decreases patient satisfaction 
but also creates a significant increase in health expenditures 
[2,3]. Re-revision rates are higher than the need for revision 
after primary knee arthroplasty due to many reasons such 
as impaired ligament balance, decreased bone stock, joint 
line imbalance, more extensor mechanism problems and high 
infection rates due to long operation time [4,5]. 

While the most common cause of failure after revision knee 
prosthesis is infection, the second reason is prosthesis-related 
causes such as mechanical loosening and implant failure 
[6]. Apart from infection, the most important issue to be 
considered during revision surgery is to achieve good ligament 
balance with implants of appropriate size and appropriate 
mechanical properties in order to prevent aseptic loosening, 
wear and instability [7,8]. Therefore, the choice of implant is 
critical in revision surgery. Two different prosthesis designs 
are frequently used in revision surgery: Constrained condylar 
knee (CCK) prosthesis and Rotating hinge knee prostheses 
(RHK). Hinged prosthesis design is often used in ligament 
insufficiency or absence and provides high stability. However, 
mechanical complications such as wear and loosening are its 
main disadvantages [9,10]. CCK design implants have been 
manufactured more recently, are less constrained than hinged 
designs, and have been suggested for use in moderate ligament 
insufficiency and bone loss [11,12]. 

Two different prosthesis designs have been evaluated and 
compared in many studies in terms of many parameters such 
as survival rates, functional results and complications [13-15]. 
Despite many studies, there is no consensus on which design 
has better functional results and longer survival and which type 
of design should be preferred. Although it has been claimed 
that CCK design revision prostheses cause instability in severe 
insufficiency or absence of ligaments, we observed that the 
wide and deep post provided sufficient stability in our clinical 
practice. Therefore, our hypothesis is CCK design sufficient in 
revision knee surgery and RHK is rarely needed. 

The aim of this study is to present the successful results of 
CCK prothesis to the literature and compare this results with 
the RHK design. 


Material and Methods 

Patients and study design 

We retrospectively reviewed 190 patients who underwent total 
knee revision surgery between February 2014 and October 
2018, after ethics committee approval. Exclusion criteria 
were revision with primary components (n = 2), arthrodesis (n 
= 1), amputation (n = 1), ex (n = 2), fracture fixation due to 
periprosthetic fracture (n = 4), missing data (n:12) and refusing 
to participate in the study (n = 20). A total of 148 patients, 129 
with CCK and 19 with RHK, were included. Written informed 
consent was obtained from the legal guardian of each patient. 
The study was conducted in accordance with the principles of 


the Declaration of Helsinki. 

The patients were classified in terms of age, gender, etiology 
and bone defects were evaluated according to the AOIR 
classification. Details of any complications developing after 
surgery were also recorded from hospital charts and clinic 
records. Bone defects during revision were documented 
intraoperatively by a research fellow present for each revision 
surgery and corroborated by operative recorders. Patients were 
followed up every 3 months in the first postoperative year and 
then annually. During these follow-ups, it was recorded whether 
additional interventions or surgical procedures were applied 
to the patients and whether complications developed in the 
patients. Functional results were evaluated with the WOMAC 
Osteoarthritis Index, and a Likert analysis was applied to 
measure patient satisfaction at the last visit. 

Clinical treatment 

Before surgery, routine blood tests, ECG, PA chest radiography, 
ESR, CRP and, if necessary, joint fluid analysis were applied 
to the patients. In case of clinical suspicion, radiological 
examinations such as CT, MRI or scintigraphy were performed 
and the etiology was clarified. Two-stage revision surgery 
was performed in all patients with septic etiology. Antibiotic 
treatment was given according to the results of the cultures or 
according to the recommendations of the infectious diseases 
specialist in patients with negative cultures. The treatment 
was terminated after the recommended period was completed, 
and the ESR and CRP values returned to normal. After the end 
of antibiotic treatment, normal infection parameters, measured 
twice at one-week intervals were accepted as the termination 
of the infection and revision process has been applied. All 
revision surgeries were performed by a fellowship trained 
adult reconstruction surgeon at our institution. Culture-specific 
antibiotics were administered at recommended doses in septic 
patients, and 2 g cefazolin sodium in aseptic revisions as a 
prophylaxis 30 minutes before surgery. 

Surgical procedure and decision of implant design 

The procedure was applied after tourniquet application in 
the supine position under spinal or general anesthesia. An 
anterior longitudinal incision was made, and after reaching 
the joint capsule, arthrotomy was performed through a medial 
parapatellar incision. In cases where an adequate approach 
could not be achieved, quadriceps snip was applied. Pin fixation 
was applied to strengthen the attachment of the patellar 
tendon, and none of the patients needed a tuberositas tibia 
osteotomy. Implants were removed with the help of narrow 
saws, osteotomy blades, gig saws, various hand tools, cement 
extractors and special prosthesis extractors, and then bone 
defects were evaluated. Femoral and tibial bone cuts were made 
with the help of an intramedullary guide, and a fluoroscopy 
was used when the joint level could not be determined exactly. 
The decision to use CCK or RHK was made intraoperatively. 
The wedges to be added were measured. First of all, stability 
and motion control were done with CCK implant design. If 
there is instability despite the insertion with a wedge and CCK 
design, the RHK implant design has been used. Afterwards, two 
different brands of original implants, Zimmer (Synthes GmbH, 
Oberdorf, Switzerland) or Biomet (Biomet, Warsaw, Indiana, 
USA) were randomly applied with antibiotic cement and their 
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stability was checked, 

Follow-up 

On the first postoperative day, patients were mobilized and 
physical therapy was initiated after x-ray control. Prophylactic 
antibiotic treatment was continued intravenously for 3 days. 
CPM (continuous passive motion) device was applied to all 
patients during their hospitalization and 90 degrees of knee 
flexion without any complication was accepted as a discharge 
criterion. All patients received enoxaparin sodium 40 mg/day 
(Clexane; Aventis, Strasbourg, France) for pulmonary embolism 
and deep vein thrombosis prophylaxis for a month. Followed-up 
periods were every 3 months in the first postoperative year and 
then annually. 

Statistical analysis 

The data obtained in the study were analyzed statistically 
using SPSS v.22 software with a confidence interval of 
95%. Qualitative data were stated as frequency distribution 
and quantitative data were stated as mean, minimum and 
maximum values. Inter-observer and intra-observer reliability 
was assessed using the interclass coefficient. Demographic 
data were evaluated with the Mann-Whitney U-test. The normal 
distribution was examined using the Kolmogorov-Smirnov test. 
The relationship between WOMAC values and Likert analysis 
results was examined using the Spearman correlation test. The 
categorical variables of CCK and RHK groups were evaluated 
with the Chi-square test, and numeric values not showing a 
normal distribution were evaluated with the Mann-Whitney U 
test. Categorical variables of AORI subgroups were evaluated 
with the Chi-square test, and numeric values not showing a 
normal distribution were evaluated with the Mann-Whitney U 
test. A p-value <0.05 was considered statistically significant. 


Results 

The mean age of the patients was 68.4 + 7.27 (50-89) years, 17 
patients were male and 147 were female (M/F: 1/9). The mean 
follow-up period was 2.8 + 1.3 years (range;1- 6). According to 
the AORI classification, 34.5% of the patients were type |, 45% 
were type II, and 20.5% were type III (Figure 1). The reasons 
for revision were infection in 72 patients, wear and osteolysis 
in 78 patients, instability in 7 patients and others in 5 patients 
(Figure2). The distribution of the data of the patients is given in 
terms of frequency and percentage in Table 1. 

CCK was applied to 87% (n = 129) of the patients, and RHK type 
prosthesis was applied to 13% (n = 19). There was no statistically 
significant difference between the age and follow-up time 
of the patients who underwent CCK and RHK (respectively; 
p=0489, p=0.844). When the prosthesis preference in revisions 
due to etiological factors was examined, the revision rate 
due to both septic and aseptic reasons was 40% in both the 
RHK and CCK groups, and there was no statistical difference 
between septic/aseptic etiology (p = 0.256). RHK implants were 
not required to AORI type 1, which were used in 4 patients 
(12%) of AORI type 2 and 15 patients (78%) of AORI type 3. 
While the mean preoperative WOMAC score was 38 + 5.8 in the 
CCK group, it was 74 + 9.6 postoperatively. However, the mean 
preoperative WOMAC score in the RHK group was 34.5 + 3.7. 
while, postoperatively it was 73.6 + 10.6. In assessing patient 
satisfaction, 5-Likert score was 4.2+0.6 in the CCK group, and 


4.27+0.4 in the RHK group. There were no statistical differences 
in WOMAC and Likert analysis between CCK and RHK groups 
(respectively: p=0.876, p=0.962). The complications rate was 
%8 (n=12), periprosthetic fracture (n=8), wound infection 
treated with oral antibiotics (n=1), re-infection (n=1), arterial 
thrombosis (n=1) and drop foot (n=1). There was no statistically 
significant difference between the complications in patients 
who underwent CCK and RHK (p>0.05, Table 2). 


Table 1. Demographic data of the patients 


Type 1 Type 2 Type 3 p value 

Patients 49 64 29 

Age 66.9 + 6.9 69.1+7.5 68.9 +6.5 0.305 
CCK design 49 60 14 <0.001 
RHK design 0 4 15) 

WOMAC preoperative 38.345. 36.4 + 5.7 39.6 + 6.9 0.254 
WOMAC postoperative UNS) 2). 74.34 9.2 73.4412.2 0,997 
5-Likert 4.10.7 4370.5 4105 0.106 


Table 2. Comparison of the CCK and RHK implants 


n=148 Range or % 


Age 68.4 + 7.27 50-89 
Side (Right/Left) 77/71 
Gender (Female/Male) 131/17 9.1 
Etiology 
Septic 58 38% 
Aseptic 75 53,50% 
Instability vf 5,50% 
Others 5 3% 
Follow-up 2.8 15 1.6 
Subtype AO 
Type 1 51 34.5% 
Type 2 66 45% 
Type 3 31 20.5% 
Implant design 
CCK 129 87% 
RHK 19 13% 
WOMAC preoperative 37.8458 21-57 
WOMAC postoperative 74.2 +9.6 40-95 
5-Likert 42+0.6 2.5 
Table 3. Comparison of the AORI subtype 
CCK RHK p value 
Patients 129 19 
Age 68.3 + 7.3 69.6 + 6.9 0.489 
Follow-up 2.86 0.6 2.82 0.4 0.844 
Etiology (Septic /Aseptic) 48/75 7. Agu 0.256 
Instability 5 2 0.184 
AORI 1/2/3 49/60/14 0/4/15 <0.001 
WOMAC preoperative 38 +58 34.5 43.7 0.112 
WOMAC postoperative 7449.6 73.64 10.6 0,876 
5-Likert 4.2+ 0.6 4.27 +0.4 0.962 
Periprosthetic fracture i 1 0.244 
Wound infection 1 0.866 
Re-infection 1 0.866 
Neurovascular complication 1 0.866 
Arterial thrombosis 1 0.866 
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According to the AORI classification, all AORI type 1 patients 
were treated with CCK design, and CCK design had enough 
stability in 93% of the AORI type 2 and %50 of AORI type 
3. There were no significant differences between subtypes 
functional scores (Table 3). A correlation was observed between 


AORI classification 


eAORTypel «AOR Type2 «© AORI Type3 


Figure 1. Frequency of the AORI subtype 
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Figure 2. Etiology of the revision surgery 
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Figure 3. Distribution of 5-Likert and WOMAC 


WOMAC and 5-Likert results (p<0.001, Figure 3). 


Discussion 

One of the most important principles of revision surgery is the 
selection of the most appropriate revision implant [16]. There 
are two different types of prostheses commonly used in revision 
knee surgery, CCK (constrained condylar knee) design and RHK 
(rotating hinged knee) design. It is still controversial which type 
of prosthesis is appropriate for revision surgery. Studies have 
shown that basically, RHK is a more constrained prosthesis and 
is considered to result in higher complication rates and lower 
survivorship compared to CCK. Therefore, CCK-type implants 
have gained popularity in revision surgery because they may 
require less bone resection and allow for future salvage-type 
procedures such as RHK if necessary [17,18]. In contrast, the 
RHK prosthesis is reported superior for patients with a severe 
deformity or instability [19]. There are few studies comparing 
these two different designs, which observed a significant 
difference between CCK or RHK usage rates. In this study, 
we demonstrated that CCK-type prosthesis design has as 
successful results, and RHK- type implants were rarely needed. 
Several factors are effective in the selection of implants used 
in revision surgeries, ligament balance, bone loss, patient 
performance status and patient expectations [20]. However, 
there is no consensus on which design revision prosthesis 
should be used in different situations. Some authors claim that 
a hinged type revision prosthesis should be used in ligament 
insufficiency [21]. In contrast, some authors emphasize that, 
for cases with ligamentous insufficiency and moderate bone 
loss, a constrained condylar knee design is appropriate [21]. 
In a study evaluating implants used in revision surgery in stiff 
knee, it was claimed that using a rotating hinged device can 
provide excellent results in selected cases [13]. The literature 
comparing these RHK and CCK designs in the revision surgery 
include Vasso et. al. CCK (n:35) and RHK (n=18), Farfaelli et. al. 
CCK (n=50) and RHK (n=36) Bali et. al. CCK (n=19) and RHK 
(n=19) [20,22,23]. In our study, ligament balance was evaluated 
in the intraoperative period after the bone defect was replaced 
with a wedge. This preference reduced the need for an implant 
such as RHK design by up to 10%. 

In a study by Shen et al., 496 patients who underwent revision 
knee prosthesis were examined, and adequate prosthesis 
design according to AORI classification was investigated [24]. 
They stated that, unlinked constrained prostheses displayed 
greater improvement in KSS when used in cases of aseptic 
AORI type Ill defects. However, patients undergoing revision 
for infection, may benefit from the use of linked constrained 
prostheses. Similarly, in our study, we found that RHK-type 
prostheses were used in patients with significantly reduced 
bone stock. In addition, we observed that CCK-type prostheses 
had similar results in all types of bone defects. As a result, 
we recommended the use of hinged prostheses in cases of 
excessive bone defect, but it should be kept in mind that CCK 
prostheses also give successful results. 

Limitation 

This study has several limitations. First, different techniques 
were applied to the patients such as graft, cement, structural 
allograft, metaphyseal cones or sleeves or augments for the 
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bone defects, and no standard method was specified. Second, 
the number of patients is insufficient to compare complication 
rates and short follow-up. 

In conclusion, CCK design implants provide sufficient successful 
functional outcomes in all types of bone defects in knee revision 
surgery. RHK-type prostheses are rarely required and more 
preferable for AORI type III bone loss. 
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